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(page 212) and Usami et al. 2 (page 218) show that Nef prevents the action of two host proteins previously not known to have antiviral activity: SERINC3 and SERINC5.
Work in the early 1990s showed that the ability of Nef to enhance viral infectivity is distinct from its well-characterized ability to downregulate the HIV receptor CD4, the removal of which is also important for infectivity. Although numerous studies had failed to find a strong effect of Nef on the structure or composition of HIV particles, one revealed that Nef had a mild enhancing effect on virus fusion with cells 3 . Other early studies showed that substituting the envelope proteins of HIV viruses, which mediate HIV entry into cells, with those of unrelated viruses can relieve the need for Nef in infection 4, 5 . The effect of such envelope swapping -known as pseudo typing -was specific, because only some viral proteins relieved the requirement for Nef. An unusual study that used mixed viral particles also linked the requirement for Nef with the viral-envelope proteins 6 . Yet Nef 's mechanism of enhancing infectivity remained elusive.
The Pizzato research group (who present the new paper by Rosa et al.) later uncovered two pieces of the puzzle, showing that Nef 's action depends on dynamin, a host protein that is crucial for the internalization of cell-surface proteins 7 , and that a glycosylated (carbohydrate-modified) variant of a structural protein from an unrelated retrovirus (the murine leukaemia virus (MLV) glyco-Gag protein) can also enhance HIV infectivity in a manner similar to that of Nef 8 . Although these clues did not reveal Nef 's mechanism, they hinted that Nef had an effect on the cell, rather than on the virus particle. This may have pointed the investigators back to Nef 's ability to modulate the levels of cell-surface proteins. The researchers behind the second of the two new papers (Usami et al.) subsequently showed 9 that HIV's dependence on Nef varies between strains of the virus and is linked to a specific domain in the HIV envelope protein gp120.
In the current studies, the two groups independently pursued different approaches that converged on the same answer: incorporation of the host proteins SERINC3 and SERINC5 into HIV particles reduces infectivity through a mechanism that is countered by Nef (Fig. 1) . Rosa et al. quantified global gene expression in a panel of cell lines in which HIV exhibits either high or low dependence on Nef, and noted a strong correlation between Nef dependence and SERINC5 expression. By contrast, Usami and co-workers compared the protein composition of particles of normal HIV and Nef-defective HIV viruses that were released from cells in which virus infectivity strongly depends on Nef. This identified SERINC3 as a host protein that is enriched in particles that lack Nef.
B oth SERINC3 and SERINC5 are members of a family of proteins named for a putative activity on membranes ('serine incorporator'). The SERINC proteins are integral membrane proteins that form scaffolds for enzymes involved in the synthesis of specific membrane phospholipid molecules 10 . The two research groups investigated all five family members, but found that SERINC3 and SERINC5 are the only ones to induce antiviral activity against HIV. Both Nef and MLV glycoGag were shown to counter the antiviral action of SERINC3 and SERINC5. The two SERINC proteins are incorporated into Nef-defective HIV particles, but Nef and MLV glyco-Gag stop this from happening. They both induce SERINC5 to move from the cell surface to an intracellular compartment, preventing it from being incorporated into the budding virus, and demonstrating a plausible mechanism for how Nef enhances HIV infectivity.
The two groups also sought to determine whether pseudotyping HIV with Nefindependent surface proteins prevents the incorporation of SERINC3 or SERINC5 into Nef-defective HIV particles, but their different results leave this question open. However, Usami and colleagues demonstrated that the antiviral activity of SERINC3 and SERINC5 is specific for HIV surface proteins that cause virus infectivity to depend on Nef. Finally, 1 and Usami et al. 2 to have antiviral activity against HIV. a, The authors show that the HIV protein Nef prevents the SERINC proteins from being incorporated into a growing virus particle as it buds from the membrane of an infected cell. The resulting virus particle is able to correctly fuse with another target cell and deliver its viral core to the host-cell cytoplasm. b, The researchers propose that, in the absence of Nef, SERINC3 and SERINC5 are successfully incorporated into viral particles, and prevent delivery of the viral core by inhibiting the expansion of the fusion pore. 4 model the one-and two-channel Kondo effect using a device consisting of a micrometre-scale semiconductor known as a quantum dot, or island, that has a pseudo-spin angular momentum ½ and is connected to two electron reservoirs through nanometre-scale constrictions (orange) called quantum point contacts (QPCs). The authors place the device perpendicular to a strong magnetic field and measure how the conductance at each QPC changes at extremely low temperatures as single electrons enter or exit the quantum dot (red arrows). b, Keller and colleagues' device 5 , which probes the difference between the one-and two-channel effects, consists of a nanometre-scale spin-½ quantum dot (red) that is coupled (red arrows) to a metallic electron island, forming one electron-transport channel, and to source and drain electrodes, which together form a separate channel. The authors measure the conductance between the electrodes and investigate transitions between different quantum phases of matter at temperatures close to absolute zero. (b Adapted from ref. 5.) depletion of SERINC3 or SERINC5 from host cells selectively enhanced the infectivity of Nefdefective HIV, confirming that SERINC proteins reduce HIV infectivity. Both SERINC3 and SERINC5 are expressed in human blood cells, suggesting that they are active in the primary targets of HIV infection in vivo.
How do SERINC3 and SERINC5 lower HIV infectivity? Both groups showed that, at high levels of expression, these proteins reduce the efficiency of virus fusion with target cells. However, the proteins inhibited HIV infectivity more strongly than they affected fusion, suggesting that they also affect an early postfusion step in infection. Accordingly, Rosa et al. propose a model in which SERINC3 and SERINC5 prevent the expansion of the pore that is formed between the viral and cell membranes and that is necessary for delivery of the viral core into the cell's cytoplasm (Fig. 1) . However, it is not clear whether this would result in the impaired reverse transcription of the viral genome that is normally seen in Nefdefective HIV. One intriguing possibility is that the impeded viral core is targeted for cellular destruction, as previously suggested 11 . The identification of SERINC3 and SERINC5 as antiviral proteins that are counter acted by diverse retroviruses suggests that these proteins may also target other enveloped viruses, which may in turn have different mechanisms for escaping their antiviral action. These two proteins can therefore be used as probes to examine the entry mechanisms of enveloped viruses. Although the available data suggest that these proteins target specific regions of viral glycoproteins, it is possible that they inhibit fusion indirectly by controlling the lipid composition or fluidity of the viral membrane. Regardless of the specific anti viral mechanism, the ability of Nef to counteract SERINC3 and SERINC5 adds to the impressive list of functions of this remark- To model the Kondo effect, a QD is connected by means of quantum tunnelling to two electron reservoirs through electrodes that form electron-transport channels -a setup known as the one-channel Kondo model. Writing on pages 233 and 237 of this issue, respectively, Iftikhar et al. 4 and Keller et al. 5 report on experiments with QDs based on gallium-aluminium-arsenic interfaces, in which they implement an improved set-up called the two-channel Kondo model 6 . Keller et al. go on to test fundamental properties of quantum phase transitions in their systems near absolute zero temperature 7 . In metals, the mechanism responsible for the Kondo effect at low temperatures is the coupling between a magnetic impurity and the spins of conduction electrons. At temperatures lower than the Kondo temperature T K , the electrons interact strongly with the impurity (a process known as screening), forming a collection of heavy quasiparticles 1,2 called a Fermi liquid. In the one-channel QD set-up, electrons in the reservoirs enter a state of superposition that forms a single electron channel, which strongly couples with the QD's spin near the Fermi level (the energy of the highest filled electronic level of a system at absolute zero temperature). The conductance through the channel reaches a maximum value below T K (which is much lower than 1 kelvin in QDs 3 ), in contrast to the increased resistivity in metals with magnetic impurities.
The two-channel Kondo model involves two sources of electrons that form two separate electron channels which compete to screen the impurity, thereby producing non-trivial low-temperature effects predicted by Kondo theory 8 . Iftikhar and colleagues observe the two-channel effect using a micrometre-scale QD (Fig. 1a) that comprises an 'island' of several billion electrons 4 . On this scale, the QD behaves like a metal, but its charge is quantized; this means that, to add one electron to the QD, a finite amount of charging energy
